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 Abstract 
   In every winter since 1953, ground-based seeding with silver-iodide smokes has been carried 
out in the  TOhoku district, northern part of  Honshil, Japan, for the purpose of increasing 
snowfall. The seeding effect which was evaluated by two  ways of statistical analysis of snowfall 
amounts, was as follows: (1) From comparison of snowfall amounts for seeded and non-seeded 
days under typical monsoon it was found that remarkable increase of snowfall, reaching around 20 
per cent on an average, occurred 50 to 100 km leeward of the seeding points on seeded days. 
(2) Stochastic test for the ratio of ten day snowfall amounts at the target points to those at 
the control ones on seeded periods showed that the increased snowfall amount in the target area 
was significant at the level of significance of 4 per cent.
 I.  Introduction 
   Many cloud seeding experiments released from the ground have been carried out 
and those effect have been evaluated by various methods. However there seems to have 
been few examples of evaluation of the snowfall amount increased by cloud seeding in 
winter. 
   In the northern part of the  Telhoku district (Fig. 1), Japan, cloud seeding program 
was started from the fall of 1951 and was performed in every winter since 1953 with a 
view to increase the snowfall amount in the area of power resources, under the  joint co-
operation of the Geophysical nd the Chemical Institute of the  TOhoku University, the 
Sendai District Meteorological Observatory and the  Teloku Electric Power Company, 
Ltd. In this district usually it does not rain but snows from the end of December to the 
middle of March, and about  60 per cent of winter precipitation falls under northwesterly 
monsoon, most days being snow ones though the daily amount is not so large. 
   The intention of this study is to evaluate dy two ways if the cloud seeding with 
silver-iodide smokes from the ground could increase the snowfall over the target area, 
one being the comparison of snowfall amounts for seeded and nonseeded ays under 
 typical monsoon and the other stochastic test for the ratio of snowfall amounts in the 
target and the control areas on seeded ays. (See TOMINAGA and  KINUMAKI [1] as to 
the method of generating silver-iodide smokes, OHTAKE and ISAKA [2] as to the source 
intensity of the smokes and the same authors' [3] as to the diffusion of the smokes over 
the target area, all being the reports of the same program as this paper).
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2. Outline of seeding program and data used 
   Silver-iodide smokes were released from Goshogawara, Hirosaki and Noshiro, substa-
tions of the  TOhoku Electric Power Company, Ltd., (Fig. 2). Before 1958, seeding was 
started from 0700-0800 JST and continued to 1700-2000 JST, but it was not performed 
for so many days a winter. Since 1959 seeding has been carried out every other decade 
in all weathers and the seeded ecades and times are as follows:
                       Seeded ecades 
        3rd decade ofFeb., 1959. From 
           3rd decade ofDec., 1959. 2nd decade ofJan., 
             1st and 3rd decades of  Feb., 2nd decade From 
             of Mar. and 3rd decade of Dec., 1960. 
           2nd decade ofJan., 1st  and 3rd decadesof
             Feb., 2nd decade of Mar. and 3rd decade
             of Dec., 1961. 2nd decade ofJan., 1stand From 
             3rd decades of Feb., 2nd decade of Mar. 
             and 3rd decade ofDec., 1962. 2nd decade
             of Jan., 1st and 3rd decades of Feb.,  1963. 
   Da,ta used for analysis are daily (endingat 0900 JST) 
to 1963 at a hundred points (Fig. 2), ten day snowfall  ai 
thirty five points (Fig. 5) and wind directions by  instru 
for 0900 JST from 1959 to 1963 at a hundred and thirty  tl
Seeded times
0700 to 2400 JST.
0700 to 1900 JST.
0700 to 2200 JST.
   snowfall amounts from 1955 
rnounts from 1921 to 1963 at 
mental or visual observation 
hree points (Fig. 3). 
3. Comparison of snowfall amounts for seeded and non-seeded days under 
   typical monsoon 
(a) Method 
   The evaluation of the effect of cloud seeding with artificial ice nuclei from the 
ground by analysis of the regional distribution of precipitation is generally difficult be-
cause a great variety of natural precipitation superposes upon it. However, as 
northwesterly monsoon prevails over the  Telhoku district in winter and the accompany-
ing pattern of snowfall amount distribution is rather fixed there, comparison of the 
regional distribution of snowfall amounts for seeded and non-seeded days under typical 
monsoon may be a hopeful method to evaluate cloud seeding effect. 
   An example of the surface map for  typical winter monsoon isshown in Fig. 1. Such 
a synoptic pattern usually appears during several days just after a developing cyclone 
has moved away toward Hokkaido or the Kuril Islands. 
   However similar the synoptic pattern may be, it is still difficult to reveal the seeded 
effect by comparison of the distributions of daily snowfall amount for seeded and non-
seeded ay because of such reasons as follows: (1) The catching ratio of snow in a snow 
gauge widely changes with wind velocity (See YOSHIDA [4]. for example). (2) At most 
points of the district snowfall amount is measured by non-professionals, who pour a 
known quantity of hot water into a snow gauge to melt the snow in it, and such pro-
cedure is apt to be accompanied with big error. (3) The snowfall intensity under
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monsoon is usually weak, i.e. several millimeters of equivalent water per day. To 
obtain some reliable decision, therefore, mean snowfall amount for many days must be 
used. 
(b) Result 
   In the above way of  thinking, first, the days of monsoon type with the following 
conditions were picked out for recent eight  winters  : (1) There was no cyclone within the 
square nclosed with the meridians of 130°E and 145°E and the parallels of 33°N and 45° 
N. (2) No appreciable front sweeped over the  TOhoku district. The total number of such 
days was 85, of which 35 were seeded ays and 50 non-seeded days. Next, a map showing 
the distribution of  the ratio of mean snowfall amount for the seeded 35 days and that 
for the non-seeded 50 days was prepared as shown in Fig. 2. The map undoubtedly 
shows that the ratio is around 100 per cent in most parts of the  TO'hoku district but in 
its northeastern part it is 120 per cent or more. To examine if the above is accidental
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or not, furthermore, both the seeded and  non-seeded ays were divided into two 
groups respectively  (iv random sampling and then two maps were prepared by the same 
way as above. And those two maps  (omitted from this paper) were found to show 
nearly similar feature to Fig. 2. 
   Most of the surface isobars for the 85 days of typical monsoon pattern ran from 
northwest to southeast over the  Tehoku district. Fig. 3 shows the mean surface 
streamlines for those days, which was prepared by the isogon analysis using the wind 
direction  for 0900 JST observed instrumentally or visually at 133 points. Considering 
the great fluctuation of wind direction with time and the lateral diffusion of seeded 
 silver-iodide smokes in the air, it may be said that the area with increased snowfall seen 
in Fig. 2 fairly well agrees with that which is estimated from Fig. 3 to have been most 
frequently covered with silver-iodide smokes. 
   On the other hand, OHTAKE and ISAKA  [31 carried out the observation of freezing 
nuclei in the fallen snow at 20 points windward and leeward of Goshogawara nd 
Hirosaki, both releasing points, and found that during the seeded period freezing nuclei 
exhibited a remarkable tendency to increase in number in the area with the increased 
snowfall amount in Fig. 2. 
   From the above mentioned, it may be concluded that the increased snowfall seen 
in Fig. 2 was due to cloud seeding and the zone of maximum increase was 50 to 100 km 
leeward of the releasing points and the increasing ratio reached around 20 per cent or 
more.
4. Stochastic test for the ratio of snowfall amounts in the target and the control 
    areas 
(a) Method 
   It may be one of the methods for evaluating artificial  snow-making effect to test 
the difference between the frequency distribution of the ratios of the snowfall amount 
in the target area to that in the control area for the non-seeded normal periods and 
that for seeded ones. In this section decade was employed as a unit of period. 
(b) Result 
   The frequency distribution of B/A is generally not normal, where A and B are ten 
day precipitation amounts at two points not so far from each other. However it was 
found from many trials that the frequency of the parameter,  p=B—A/B+A, always, 
especially in winter, showed fairly good fit to the normal distribution. An example 
of the distribution of p is shown in Fig. 4. 
   The normal of  p,  j5, and its rejection limits*,  /3±4p, at the level of significance 
of 10 per cent were calculated for each month of winter, using the ten day snowfall 
     * Rejection limits at the level of significance of a are given by 
 poi=  s  +  1)  F'N-1  (a)RN  1))112  = 
 where N is the size of sample, F Snedecor's di tribution function and s the standard deviation 
 of the sample. The above formula means that the  another sample of p from the samepopulation 
 can be expected to be larger than  p  +dp or smaller than  T—dp with probability ofa/2, respectively.
EVALUATION OF CLOUD SEEDING EFFECT BY STATISTICAL ANALYSIS 43
amounts from 1921 to 1950 at the several points windward of the seeding points as A 
and those at the many points leeward of the seeding points as B. Fig. 5 shows an 
example of the distribution of  p and  4p. The value of  p much varies by locality, while 
 4p ranges  only from 0.25 to 0.35 in the  TOhoku district through all months of winter 
and consequently it may be regarded as a constant, about 0.3. 
   Fig. 6 shows an example of the distribution of  p--i5 for Jan. 11-20, 1960, a seeded
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period. It is seen in the figure that the large amount of snowfall compared with the 
normal fell in the areas about 40 km leeward of Goshogawara and Hirosaki and 100 
km leeward of  Noshiro, each being a seeding point. Owing to a great variety of natural 
snowall, however, things do not always go in such a way.
Table  1. Frequency of the increase or decrease of snowfall in the 
for seeded twenty decades from 1959 to 1963. Figures in 
indicate the confidence limits of occurrence probability at 
significance of  (1-2e=  )  60%.
                          Target area 
a. Frequency of the increase significant 
   at the level of significance of  5% 
b. Total frequency of the increase 
   Frequency of neither increase nor 
   decrease 
b. Total frequency of the decrease 
a. Frequency of the decrease significant 
   at the level of significance of 5%
Lake  Thwada and 
its neighbourhood
9 
12 
 1 
7 
3
(31-59%) 
(46-72%)
(23-50%)  
(  7-28%)
target areas 
parentheses 
the level of
Total frequency 20
Lake Tazawa and 
its neighbourhood
5 
11 
2 
7 
4
(15-40%) 
(41-6896)
 (23-50%) 
 (11-34%)
20
   For the seeded twenty decades from 1959 to 1963, the frequency of the increase or 
decrease of snowfall in the target areas (Lake  TOwada nd Lake Tazawa and their neigh-
bourhood) were classified according to the level of significance for rejection limits of p. 
The result is shown in Table 1. First, the columns (b) of Table 1 show that the 
frequency of the increase of snowfall regardless of the level of significance was far higher 
than that of the decrease, but we cannot conclude at the level of  significance of at 
least 4 per cent that there was any significant difference between those frequencies in
neither Lake  TOwada and its neighbourhood nor Lake Tazawa and its neighbourhood, 
because the confidence limits of their occurrence probability at the level of significance of 
60 per cent overlap to some extent**. Next, comparing the frequency of the increase 
     ** Confidence limits of occurrence probability atthe level of significance  1-2a re expressed by 
 2  iN  +k-li      lower limit  p,—  k/{1? (N — k 1)                        F
2k(a) 
 2  (k  +1) (k +1)     upper limit  p2= (k  1)  F  (a)/{  (N k)  (k  +  1)F  (a)}  , 
 (N  -  k)  2  IN-k) 
 where k is the frequency by which a designated phenomenon occurred in an experiment of 
 sample size N and F is  Sneclecor's distribution function. If the lower limit of p,  p,, is higher 
 than the upper limit  of  p',  p2' it can be estimated to be  p>  p' at the level of significance of  a2 as 
 long as N does not differ so largely from N', where p and p' are the occurrence probability in 
 population of  kIN and  k'/N', respectively, obtained independently. 
     If the ratio of the total frequency of snowfall increase and that of snowfall decrease obtained 
 in this cloud seeding experiment still holds in further experiment, for the sample size of two times, 
 40, the difference between the frequency of the increase of snowfall and that of the decrease will 
 become significant at the level of significance of 4 per cent in Lake  TOwada and its neighbourhood 
 and for the sample size of three times, 60, the difference will become significant at the same level 
 of significance in Lake Tazawa and its neighbourhood too.
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and decrease of snowfall significant at the level of significance of 5 per cent given in 
the columns (a) of Table  1 in the same way as above, it can be evaluated to be significant 
at the level of significance of 4 per cent that the frequency of the increase of snowfall 
was higher than that of the decrease in Lake  TOwada and its neighbourhood only. 
Lower frequency of the increase of snowfall in Lake Tazawa and its neighbourhood than 
in Lake  T6wada and its neighbourhood may be considered to be owing to some less 
chances covered with seeded silver-iodide smokes over the former than over the latter. 
(c) Relation between the value of and the increased snowfall amount 
   The increased snowfall amount in per cent at a smoke-affectedpoint is given by 
  K  — BB' X 100 
where A and B are the ten day snowfall amount at smoke-unaffected and affected points 
for a seeded ecade, respectively, and B' is that which might have fallen at fhe same 
smoke-affected point if seeding operation had not been conducted for the same decade. 
As  p  ---B—AIB+  A and  p=13'  - A  IB'  +  A approximately, the above equation becomes 
 K  —    2  (p  —  p)    X 100  (1  
+  P){1  —  (P  P))- 
Fig. 7 shows the relation of K  to  p and  p-  p. 
   The mean of p---fi for the seeded twenty decades was calculated at around 0.05 
in the areas where the greatest increase of snowfall was considered to have occurred, 
i.e. the area enclosed with 120 per cent line in Fig. 2. From Fig. 7, accordingly, the 
increased snowfall amount due to cloud seeding is estimated at around 10 per cent. The 
above estimation is very rough because of the great varience of  p— p. However, taking
 8O-
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 ,20-
0
 P--P= 0.2
 0.J
0.05
 -0 .6 -04 -0.2  0,0  +0.2 
Fig. 7. Relation of the increased snowfall amount, K, to and  0-P.
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into consideration the facts that the estimated increased snowfall under typical winter 
monsoon was around 20 per cent as stated in the previous ection and that about 60 per 
cent of the total precipitation in winter in the area concerned usually falls under mon-
soon, around 10 per cent of the mean increased snowfall for seeded ecades with various 
synoptic patterns may be quite possible. 
5. Conclusion 
   The effect of cloud seeding from the ground was evaluated by statistical analysis 
for the snowfall amount in the  Tatoku  district and the result was that the effect was 
significantly positive and under typical winter monsoon 20 per cent or more of the 
increased snowfall was estimated to have occurred by seeding in the area 50 to 100 km 
leeward of the seeding points. 
   It must be noted that in this experiment AgI generators were not operated through 
the whole day but for about 15 hours per day. If 24 hours operation had been carried 
out, a greater increase of snowfall must have occurred apart from the question that 
the increase was proportional to the duration of operation. 
   As the next step, it may be interesting to study the relation of the upper air 
condition such as wind and temperature tc. to the increased snowfall by seeding and 
its location, and from the preliminary analysis at least twice as much as the present 
experiment data was found to be needed for such a study. 
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